AO-A139  191 


UNCLASSIFIED 


OPTICAL  IMAGING  OF  A  COUPLING  REGION  BETWEEN 
INTER  STREAMING  PtASMAS(U)  NAVAL  RESEARCH  LAB 
WASHINGTON  DC  JA  STAMPER  ET  AL.  24  FEB  84  NRL-MR-5278 

F/G  20/6 


•  r- 

»  ,  ^ 

a 

JU 

Ilf 

VA 

ad 

■ — 

♦  4 

1 

-  i 

4  -84 

DTIC 


MICROCOPY  klSOLUTION  TEST  CHART 

national  bureau  or  standards- i%  •  a 


DA139191 


NRL  Memorandum  Report  5278 


Optical  Imaging  of  a  Coupling  Region 
Between  Inter-Streaming  Plasmas 

J.  a.  Stampfr,  B.  H.  Ripin,  E.  a.  McLean, 
and  S.  P.  Obenschain 

Laser  Plasma  Branch 
Plasma  Physics  Division 


February  24,  1984 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


1*.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED _ 

2*.  SECURITY  CLASS  I  FI  CAT  I  ON  AUTHORITY 


£-di3l  1 91 


REPORT  DOCUMENTATION  PAGE 

~  I  10  RESTRICT! V 6  MARKINGS 


j  3.  OISTRIBUTIQN/A  VAILA8ILITY  OF  R6PCRT 


20  OeCLASSIFICATtON/OOWNGRAOING  SCHEDULE  .  .  -  ...  ,  .....  .... 

Approved  for  public  release;  distribution  unlimited. 

4  PERFORMING  ORGANIZATION  REPORT  NUMBER  (S)  5.  MONITORING  ORGAN  I ZAT  TON  REPORT  NUMBER'S) 

NRL  Memorandum  Report  5278 _ 

6*  NAME  OF  PERFORMING  ORGANIZATION  50.  OFFICE  SYMBOL  7*.  NAME  OF  MONITORING  ORGANIZATION 

(If  applicable  t 

Naval  Research  Laboratory 


6c  AOORESS  (City.  State  and  /IP  Code) 

Washington,  DC  20375 


|  7b.  AOORESS  (Ci ty.  S<aC*  and  ZIP  Coaat 


•a.  NAME  OF  FUNQING/SPONSORING 
ORGANIZATION 

Defense  Nuclear  Agency 

Be  AOORESS  (City.  Slot*  and  ZIP  Coda) 

Washington,  DC  20305 


.  OFFICE  SYMBOL  9.  PROCUREMENT  INSTRUMENT  IOEN TIF ICA TION  NUMBER 
(If  applicable  I 


1 10  SOURCE  OF  FUNOINGNGS 


11.  TITLE  Include  Security  Clawficationt  D*.l  1«. 

(See  page  ii) 

13.  PERSONAL  AUTHOAISI 

J.A.  Stamper.  B.H.  Ripln,  E.A.  McLean,  and  S.P.  Obenschain 


PROGRAM 
ELEMENT  NO. 


62715H 


PROJECT 

NO 


ROFK  UNIT 
•NO 


47-1606-0-4 1 


|  14  DATE  OF  REPORT  tYr.Mo..Day) 

I  February  24.  1984  _ 


is.  page  count 
31 


13*  TYPE  OF  REPORT  I  *3tt.  TIME  COVERED  14  DATE  OF  REPORT  r  Yr  .  Mo..  Day)  15.  PAGE  COUNT 

Interim  j  from  tq  February  24.  1984  31 

16.  SUPPLEMENTARY  NOTATION 

This  research  was  sponsored  by  the  Defense  Nuclear  Agency  under  Subtask  I25BMXIO,  work  unit  00024 


17.  COSAT1  COOES  IB.  SUBJECT  TERMS  <  Continue  on  reverse  \f  necaaeery  and  identify  by  block  number) 

—i IJAP _ |  .  9??°- _ SUB  s" _  Plasma  Coupling 

_ j _ Inter-streaming  Optical  imaging 

19  ABSTRACT  iCondnw*  on  r«v«rf«  if  nece  weary  and  identify  by  block  number) 

Recent  studies  in  the  NRL  HANE  simulation  experiment  have  been  directed  toward  a  higher  pressure  low 
altitude  regime  where  HANE  events  (e  g.,  Checkmate)  and  early  HANE  simulations  (P  >  .5  To rr)  had  shown 
a  turbulence  or  jetting.  The  main  diagnostic  was  duaJ-time,  dark-field  shadowgraphy  which  had  sufficient 
temporal  (300  psec)  and  spatial  (10  micron)  resolution  to  resolve  details  of  the  developing  structure.  A  well- 
defined,  initially  nearly-spherical  front  or  coupling  region  is  seen  which  slows  down,  indicating  mass  pick-up. 

At  higher  ambient  pressure,  lower  laser  energy  and  later  time,  the  front  shows  a  breakup.  When  conditions 
are  just  marginal  for  break-up,  the  front  tends  to  form  a  single  protuberance  or  aneurism  which  grows  in  time. 


30  OIST  Rl  8UTION  /  A  V  Al  LA  01  LI  T  Y  OF  ABSTRACT  31  ABSTRACT  SECUR  IT  V  CLASSIF  ICATION  •V./'M  U  A  0‘1 

UNCLASSIFIEO/UNLIMITEO  3  SAME  AS  AFT  □  OTIC  USERS  □  UNCLASSIFIED  jp 


33a  NAME  OF  AESFONSISLE  INOIVIDUAL 

J.  A.  Stamper 
DO  FORM  1473,  83  APR 


33b  TELEPHONE  NUMBER 
'Include  R Code ) 

(202)  767-2683 

EOITION  OF  1  JAN  73  IS  OBSOLETE. 


23c.  OFFICE  SYMBOL 

Code  4730 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


i 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


11.  TITLE 

OPTICAL  IMAGING  OF  A  COUPLING  REGION  BETWEEN  INTER -STREAMING  PLASMAS 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


ii 


CONTENTS 


I.  INTRODUCTION  .  1 

II.  EXPERIMENTAL  BACKGROUND  .  2 

III.  EXPERIMENTAL  STUDIES  AND  RESULTS  .  3 

IV.  CONCLUSION  .  S 

ACKNOWLEDGMENTS .  9 

REFERENCES  .  19 

APPENDIX:  DENSITY  ESTIMATE  FROM  REFRACTION  .  20 


Accession  For 
AXIS  GIsAAl 

:■  :c  tab 

Uii'uvicutjcrl 

Just  i £ <  ix  U  cc- 


iii 


OPTICAL  IMAGING  OF  A  COUPLING  REGION 
BETWEEN  INTER-STREAMING  PLASMAS 

I .  INTRODUCTION 

Our  studies  at  higher  ambient  pressures  (>  .2  Torr )  were  aimed  at 

understanding  phenomena  in  HANE  events  at  altitudes  of  100  to  200  km.  For 
example,  jetting  and  a  turbulent  appearing  coupling  region  were  seen  in 

Checkmate.  The  original  ''  NRL  simulation  experiment  (~  1970)  had  shown  a 
turbulent  appearing  coupling  region  at  higher  ambient  pressure  (>  .5  Torr)  and 
helped  to  motivate  the  most  recent  (high-pressure)  HANE  studies.  Our  present 
(non-resonant)  optical  probing  diagnostics  are  useful  at  these  higher 

densities.  We  start  with  a  brief  review  of  the  1970  data. 

Visualization  of  the  coupling  region  between  the  expanding  debris  plasma 
and  the  ambient  plasma  has  been  an  important  objective  of  the  HANE  simulation 
experiments.  This  has  been  accomplished  by  either  fast  photography  of  the 
emitted  light  or  by  using  a  short-pulse  probing  laser  beam.  Fast  framing 

photography  in  the  1970  NRL  experiment  showed  a  region  of  strong  momentum 
coupling.  Typically,  10  Joules  of  laser  energy  in  a  30-45  nsec  pulse  was  used 
to  produce  target  debris  (CH2)  which  streamed  into  an  ambient  nitrogen  aas  at 
0.1  to  1  Torr.  The  coupling  region  in  the  1970  experiment  was  also  imaged  using 
second-harmonic  shadowgraphy  and  was  seen  to  develop  a  turbulent  appearance  at 
higher  (>  .5  Torr)  pressure  and  at  later  times. 

The  time  dependence  of  the  coupling  region  is  shown  in  Fig.  1  for  an 
ambient  nitrogen  background  gas  at  200  mTorr.  The  coupling  region  was  well 
formed  by  53  nsec  and  was  observed  out  to  92  nsec.  These  shadowgrams  were  taken 
in  the  second  harmonic  light  (5320  Angstrom)  of  the  main  laser  beam.  Although 
the  probe  pulse  was  about  20  nsec  in  duration,  a  sweeping  action  gave  an 
effective  exposure  of  only  a  few  nanoseconds. 

Manuscript  approved  December  15,  1983. 
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The  pressure  dependence  of  the  coupling  region  is  shown  in  Fig.  2.  These 
shadowgrams  were  all  taken  at  92  nsec  and  shew  the  dependence  on  the  pressure  cf 
an  ambient  nitrogen  gas.  Above  about  500  mTorr  the  coupling  region  shows  a 
turbulent  appearance.  This  is  the  phenomena  which  we  want  to  investigate  in  the 
present  experiment.  The  coupling  region  observed  in  the  original  experiment 
shewed  a  radius  versus  time  dependence  which  agreed  with  a  detonation  wave  at 
early  times  (during  the  main  laser  pulse)  and  with  a  blast  wave  at  later 
times.  This  is  illustrated  in  Fig.  3  fer  a  120  mTorr  ambient  gas  pressure.  in 
the  present  experiment,  with  a  much  shorter  laser  pulse,  the  blast-wave  scaling 
is  shown  to  apply  over  a  large  range  of  laser  and  ambient  conditions. 

II.  EXPERIMENTAL  BACKGROUND 

Dhrk-field  shadowgrap'ny  is  a  very  useful  diagnostic  of  the  hich-cressure 
coupling  fronts.  In  the  present  experiment,  with  a  shorter  (4  nsec)  and  more 
energetic  (up  to  160  Joules)  main  laser  pulse  than  in  the  1970  experiment,  the 
luminous  fronts  observed  with  fast  (framing)  photography  were  not  very  well 
resolved.  Hcwever,  by  using  a  very  short  (300  psec )  probing  laser  pulse  and 
dark-field  shadowqraphy,  we  have  been  able  to  obtain  high  resolution  (few 
micrcn),  dual-time  photographs  of  structure  in  the  coupling  reaion . 

Dark-field  shadowqraphy  allows  the  preferential  sanplinq  of  the  steep- 
gradient  region  of  an  expanding  plasma  front  and  permits  two-dimensional 

A 

multiple-time  recordings  on  a  single  photooraph.  The  dark  backoround  also 
allows  one  to  see  faint  luminous  regions  or  regions  of  density  variation  (e.g., 
due  to  photoionization  by  front  radiation)  near  the  coupling  region.  The 
diagnostic  is  thus  well  suited  for  studying  phenomena  in  and  near  the  coupling 
region. 

The  experimental  set-up  is  illustrated  in  Fig.  4.  The  second  harmonic 
probing  laser  beam  is  incident  from  the  right,  parallel  to  the  target  surface. 
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A  25-cm  focal  length  lens,  positioned  50  cm  from  the  taraet  (for  one-to-one 
imaging)  is  used  to  collect  the  light.  Probe  liaht  that  is  not  appreciably 
deflected  by  the  plasma  is  focused  by  the  lens,  and  blocked  by  a  small  cpacue 
mask  at  its  back  focal  plane.  This  prcduces  a  dark  background.  However,  light 
that  passes  through  the  steep-gradient  region  (front)  is  deflected  and  then  is 
redirected  by  the  lens  past  the  mask  and  recorded.  Thus,  a  bright  profile  of 
the  steep-gradient  region  is  recorded  on  the  dark  background.  The  purpose  of 
the  mask  can  be  described  more  quantitatively  as  filtering  cut  the  lcncer 
transverse  spatial  wavelengths.  Thus,  one  records  the  shorter  wavelengths  cr 
larger  wavenumbers  which  characterize  the  steeper  oradients. 

Cn  most  of  the  shots,  two  delayed  probing  laser  pulses  were  used  and  spaced 
in  time  to  avoid  image  superposition.  Thus,  briaht  profiles  of  the  coupling- 
front  region  were  obtained  at  two  times  so  that  front  deceleration  and  break-up 
evolution  could  be  seen.  The  probe  pulses  at  these  two  times  were  filtered  with 
separate  masks.  The  density  of  the  scattering  region  was  about  four  orders  of 
maanitude  below  the  critical  density  of  the  probing  radiation  resulting  in 
refraction  through  very  small  angles  (~  10-4  radian) .  This  placed  a  severe 
restriction  on  the  spatial  filtering  so  that  the  probe  light  focused  cnto  the 
masks  had  to  be  placed  very  close  (~  100  micron)  to  the  edge  of  the  masks 
(typically  around  1  mm  dimension). 

III.  EXPERIMENTAL  STUDIES  AND  RESULTS 

Conditions  for  the  dark-field  shadowgraphy  studies  are  summarized  in  Table 
I.  Data  was  taken  over  a  large  range  of  laser  and  ambient  gas  parameters.  The 
equal-mass  coupling  radius  dependence  on  laser  energy  and  ambient  pressure  was 
checked.  The  laser  irradiance  (and  thus  debris  velocity)  was  varied  (at  a  fixed 
laser  energy)  by  varying  the  laser  spot  size.  Although  a  few  shots  were  taken 
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with  an  ambient  magnetic  field  (0.63  kG) ,  the  coupling  did  not  appear  to  be 


magnetic  field  dependent  at  the  higher  pressures  (>  .2  Torr)  used  in  the  dark- 
field  study.  aipir.  et  al .  ^  correlates  these  data  using  blast-wave  model 
scaling.  We  concentrate  here  on  discussing  the  general  features  of  the  coupl_.ng 
shells  and  the  nonuniformities  evolvinc?  from  them. 

Table  1  —  Dark-field  shadowgraphy  studies 

(VARIATIONS ) 

o  LASER  ENERGY  (  4  TO  150  JOULES) 
o  LASER  SPOT  SIZE  (-25  MM  OR  1  MM) 

o  AMBIENT  PRESSURE  (.2  TO  10  TORR) 

o  AMBIENT  COMPOSITION  (.9  N2  +  *1  H2  OR  He) 

o  AMBIENT  MAGNETIC  FIELD  (0  OR  .63  kG) 


(SPECIAL  TARGETS) 

o  TARGET  TILTED  ABOUT  HORIZONTAL  AXIS 
o  CH  TARGETS  WITH  STRIPES  (AI  OR  Au) 
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Some  of  the  dependences  and  structures  are  presented  in  the  next  few 
figures.  See  Fiq.  5  for  example.  The  main  laser  beam  is  incident  from  the 
right.  The  distances  can  be  judqed  frcm  the  5  mm  spacing  in  the  target  holder  - 
seen  on  the  left.  The  ambient  cas  was  90  percent  nitrogen  with  10  percent 

hydroqen  (as  a  spectroscopic  diagnostic).  The  targets  were  4.6  micron-thick 

aluminum  foils.  The  coupling  reqions  (bright  rinqs)  are  seen  at  two  different 
times  as  they  expand  to  the  right.  There  is  also  a  bright  patch,  due  to  probe 
light  scattered  by  debris  plasma  near  the  target  surface,  or  due  to  emitted 
liqht  in  the  band  pass  of  the  filter  on  the  left,  just  in  front  of  the  target 
surface.  The  bright,  narrow,  curved  region  of  dense,  ablatively  accelerated 
target  material  is  seen  on  the  left,  going  to  the  left.  Figure  5  (shot  number 
13672)  shows  the  coupling  region  at  52  nsec  and  164  nsec  after  the  peak  of  the 
20  joule  main  laser  pulse.  In  this  case,  the  ambient  ni trccer./hydrooen  cas 

pressure  ’was  1.5  Torr .  Cne  can  see  a  nearly-spherical ,  sharply-defined  ccuplinc 
shell  of  thickness  about  300  um.  Often  the  shell  exhibits  a  thin  dark  region 

between  two  bright  regions;  this  is  expected  when  the  shell  is  thin  with  steep 

gradients  on  the  outer  and  inner  surfaces.  There  is  some  evidence  at  the  later 
time  and  larger  radius  that  deviations  from  the  smooth  shell  are  developing. 

The  exposure  taken  at  52  nsec  shows  a  shell  with  a  radius  of  curvature  of  1  cm 
and  with  structure  within  the  shell  consistent  with  gradient  scalelengths  of 
only  10  cm.  In  order  to  obtain  this  exposure,  it  was  necessary  to  have  the 

_  n 

focus  of  the  collimated  probe  beam  only  10  cm  from  the  edge  of  the  mask. 

Using  this  information  and  the  25-cm  focal  length  of  the  lens,  one  can  place  a 
lower  limit  on  the  density  sampled. 

A  method  for  estimating  the  minimum  density  consistent  with  the  dark-field 
and  shell  parameters  is  outlined  in  the  appendix.  We  note  that  the  second- 
harmonic  probe  light  must  have  been  refracted  in  the  front  region  by  at  least 

10"2  cm/25  cm  or  by  4  x  10"4 


rad  in  order  to  clear  the  mask  and  be  recorded. 


The  angle  cf  refraction  9  is  seen  to  depend  on  the  gradient  of  the  refraction 
index  alcng  the  ray  trajectory.  Fcr  a  fully-ioniced  plasma  (where  electron 
refractivity  dominates)  the  index  is  shown  in  terms  cf  the  electrcn  density  n 
and  critical  density  (10^  cm-J)  n  at  the  main  laser  wavelength.  Since 
refraction  is  weak  cne  could  take  the  path  length  d  through  the  shell  as  the 
diameter  of  a  chord  with  the  penetration  depth  s  related  to  d  by  the  sagitta 
formula.  If  the  penetration  depth  is  about  a  gradient  scalelength  L,  then  n/n, 
is  of  the  order  of  by  3/L/2r.  Alternatively,  if  we  use  Eouguer's  relation, 
which  is  valid  for  spherical  symmetry,  \je  can  express  the  refraction  angle  as  an 
inteqral  over  radius  and  thus  avoid  the  problems  of  working  with  an  unknown  ray 
trajectory.  The  density  racio  n/nc  can  than  be  expressed  in  terms  of  the 
closest  point  of  approach  a  to  the  center  of  spherical  symmetry  and  the  impact 
parameter  b  =  an(a).  For  a  thin  shell,  a  is  approximately  r,  the  radius  of 
curvature.  For  weak  refraction  by  a  thin  shell,  one  can  expand  abcut  the  lower 
limit  (a  singularity)  of  the  integral  and  choose  an  upper  limit  cut-off  to 
get,  n/nc  =  9/l*/2r.  Since  9  >  4  :<  10-4,  we  find  n  >  1017  cm-3.  Actually, 

IQ  _  O 

spectroscopy  shows  that  the  electron  density  in  the  shell  is  around  10  cm  J , 
which  is  substantially  higher  than  our  lower  limit. 

Peturning  now  to  a  discussion  of  features  observed  under  different 
experimental  conditions,  we  consider  a  shot  (number  13630)  where  the  ambient 
pressure  is  increased  to  3.2  Torr .  See  Fig.  6.  Here,  the  energy  in  the  main 

laser  pulse  was  46  Joules.  The  observation  times  were  52  and  96  nsec  for  this 

and  the  remaining  shadowgrams.  The  deviation  from  spherical  symmetry  is  new 
apparent.  A  single  protuberance  or  aneurism  is  seen  to  be  growing  in  cime.  The 
liaht-dark-liaht  pattern  is  seen  in  both  the  initial  shell  and  aneurism. 

As  the  ambient  pressure  is  increased  still  further  to  5  Torr,  as  shown  in 

Fig.  7,  the  aneurisr  is  clearly  developed,  even  at  the  earlier  time  (52  nsec). 


Fcr  this  shot  (number  13621),  an  additional  small  aneurism  is  also  seen 


developing  at  the  base  of  the  large  aneurism.  The  energy  of  the  main  laser 
pulse  was  38  Joules  fcr  this  shot.  An  (cut  of  focus)  image  of  the  magnetic 
induction  coil  is  seen  on  the  right.  Possible  mechanisms  causing  the  aneurism 
and  front  break-up  are  discussed  elsewhere.®-®  The  deceleration  of  the  frcnt 
could  play  a  role  in  the  break-up  mechanism.  There  is  adequate  time  fcr  the 
Rayleigh-Taylor  instability  to  evolve,  if  present,  althouah  the  development  of  a 
single  protuberance  and  the  growth  cf  wavelengths  so  much  greater  than  the  front 
thickness  is  difficult  to  understand.  Also,  because  of  the  heating  and  mass 
motion  in  the  decelerating  coupling  region,  free  convecticn  could  play  a  role  in 
the  front  break-up.  A  periodic  structure  along  the  frcnt  can  be  seen  on  this 
shot  but  contributions  from  the  diagnostic  cannot  be  ruled  out. 

As  the  laser  energy  is  lowered  to  8.6  Joules  at  the  5  Terr  pressure,  the 
front  break-up  starts  to  shew  a  more  complicated  structure  as  is  seen  in  Fig.  3 
for  shot  number  13642.  When  the  laser  energy  is  lowered  still  further  to  4.1 
Joules,  as  shown  in  Fig.  9  for  shot  number  13641,  the  frcnt  shows  multiple 
break-up.  The  special  targets,  mentioned  in  Table  I,  vere  also  used  to  provide 
additional  information  on  the  aneurisms.  In  order  to  check  whether  the  aneurism 
is  related  to  the  incident  laser  path,  the  target  was  tilted  about  15  degrees 
about  a  horizontal  axis  on  shot  number  13684.  The  aneurisms  appeared  in  a 
position  more  along  the  target  normal  than  the  direction  cf  the  incident 
laser.  We  also  tried  to  induce  aneurisms  by  usina  structured  targets.  A  target 
with  50  micron  wide  aluminum  stripes  and  a  50  micron  spacing  on  a  CH  plastic 
film  support  was  used  on  shot  number  13658.  Although  about  3  stripes  were  in 
the  focal  region,  the  aneurisms  were  only  seen  in  the  central  region  of  the 
front.  However,  a  similar  shot  (number  13683)  with  gold  stripes  (instead  of 
aluminum,  which  produced  larger  2/A  variations  across  the  target  surface)  did 
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show  some  aneurisms  forming  to  either  side  of  the  central  region.  This  provides 
some  evidence  that  the  aneurisms  can  be  seeded  in  the  target  structure. 

Another  feature,  observed  on  a  few  shots,  was  a  faint  secondary  front 
located  just  outside  of  the  main  front.  A  disturbed  region  ahead  of  the  main 
front  could  be  produced  by  light  emitted  from  the  front  or  by  heat  conducted 
from  the  front.  In  this  case,  the  observed  image  is  probably  due  to  probe  light 
being  refracted  by  a  gentle  (weaker  than  the  shock  front)  density  gradient. 
Emitted  light  from  the  outside  region  is  not  a  likely  contributor  since  it  would 
be  smeared  by  the  motion  of  this  region,  whereas  the  observed  secondary  fronts 
appear  well  resolved. 

IV.  CONCLUSION 

In  summary,  there  are  several  features  that  can  be  easily  seen  in  the  dark- 
fielc  shadowgrams:  (1)  There  is  a  well-defined,  thin,  r.early-spherical  front  or 
coupling  raoion  that  is  slowing  down,  indicating  mass  pick-up,  (2)  Under  some 
conditions  (higher  pressure,  lower  energy  and  later  time)  the  front  shows  break¬ 
up,  or  marked  departure  from  a  spherical  shape,  (3)  When  conditions  are  just 
marginal  for  break-up,  the  front  tends  to  form  a  single  protuberance  or  aneurism 
which  grows  in  time,  (4)  Further  into  the  unstable  region,  the  front  shows 
multiple  break-up,  (5)  Periodic  structure  is  sometimes  seen  along  the  front,  and 
(6)  On  some  shots,  a  fainter  secondary  front  is  sometimes  seen  ahead  of  the  main 
coupling  region. 

Finally,  we  point  out  seme  further  areas  of  promising  optical  diagnostic 
development  for  the  NRL  HANE  simulation.  These  include:  (1)  Resonant 

scattering  with  a  dye  laser  tuned  to  an  ion  resonance.  This  will  extend  the 
studies  to  lower  density  and  allow  us  to  carry  out  species-specif ic 
scattering.  We  could,  for  example,  scatter  off  of  particular  debris  or  ambient 
ions,  (2)  Imaging  the  Fourier-Transf  orm  plane  will  allow  us  to  record  the 


angular  scatter  of  a  probe  light  passing  through  various  structures.  This  would 
allow  a  measure  of  the  plasma  power  function  P(u),k).  (3)  Dark-field 

shadowgraphy  is  one  example  of  spatial  filtering  in  the  Fourier-Transfcrm 
plane.  There  are  other  selective  filter  schemes  which  we  could  consider.  (4) 
We  could  utilize  the  polarizations  of  scattered  probe  light  to  obtain 
information  about  structures  aligned  along  the  magnetic  field  or,  if  the  field 
is  larqe  enough,  measure  the  magnetic  field  itself  with  Faraday  rotation.  (5)  A 
longer  wavelength  laser  could  be  considered  for  several  optical  diagnostics  of 
lower  density  phenomena,  and  (6)  Optical  diagnostics  being  developed  to  study 
the  Rayleigh-Taylor  instability  in  the  ablatively  accelerated  targets  will  give 
information  on  the  diassembly  phase. ^  For  example,  the  angular  pattern  of  light 
scattered,  at  a  steep  angle  of  incidence,  from  the  heated  side  of  the  tarcet 
oives  information  on  a  high-density  (for  optical  probina)  periodic  structure. 
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Fig.  3  —  Original  NRL/HANE  Experiment:  Radius  of  coupling  region  versus  time  for  shots  in 
a  120  mTorr  ambient  nitrogen  gas.  The  variation  follows  that  of  a  detonation  wave  at  early  times 
(during  the  main  laser  pulse)  and  follows  that  of  a  blast  wave  at  late  times. 


TARGET 


magnetic  field  was  present,  into  the  plane  of  the  paper.  The  shock  (coupling  region)  is  seen  (at  the 
two  times)  as  the  two,  thin,  large,  bright,  nearly -circular  regions  on  the  right.  The  smaller,  broad, 
bright  region  in  the  right  near  the  initial  target  is  prohably  due  to  probe  light  scattered  by  slow- 
moving  debris  plasma.  A  smaller,  thin,  irregular  hright  region  of  ablatively-accelerated  dense  target 
material  is  seen  on  the  left.  Sizes  can  be  judged  by  the  approximately  5  mm  gap  in  the  target  holder 
Shot  number  was  13S72. 


8SS0m^ 


Fig.  8  —  Shadowgram  of  a  shock  front  in  a  5.0  Torr  (N2.H2)  gas  with  less  (8.6  J)  laser  energy  on 
target.  Times  were  52  and  96  nsec.  The  aneurism  shows  a  more  complieated  structure.  Shot 
number  was  13642. 


r  tor.: 


Fig.  !)  Shadowgram  of  a  shock  front  in  a  5.0  lorr  (No. lie)  gas  with  still  less  (4.1  .1)  laser  energs 
on  target  l  imes  were  52  and  Pfi  nsec.  Note  the  complicated  shock  break-up.  showing  the  growth 
of  multiple  aneurisms.  Shot  number  was  KKVU. 
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Appendix:  Density  Estimate  from  Refraction 


I.  Angle  of  refraction  ( second  harmonic  probe) 


6  =  /  V  n  ds;  o  =  Ann;  n  =  /l-n/4n 

c 


IX.  Spherical  shell  (n/nc  =  exp- ( r-rQ)/L) 


A.  Sagitta  Formula 
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GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GCDDARD  3LVD  KINC  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 

OlCY  ATTN  M.R.  BORTNER  SPACE  SCI  LA3 

GENERAL  ELECTRIC  COMPANY 
P.O.  30X  1122 
SYRACUSE,  NY  13201 
OlCY  ATTN  F.  REI3ERT 


GENERAL  ELECTRIC  TECH  SERVICES  CO.,  ISC. 
HUES 

COL'RT  STREET 
SYRACUSE,  \Y  ’.3T01 

OICY  ATTN  C.  HILLMAN 

CECPHYSICAL  INSTITUTE 
L'SI'.ERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 

(ALL  CLASS  ATTN:  SECURITY  OFFICER) 
OICY  ATTN  T.N.  DAVIS  (UNCLASS  ONLY) 
OICY  ATTN  TECHNICAL  LI3RARY 
OICY  ATTN  NEAL  BROWN  (UNCLASS  ONLY) 

GTE  SYLVANIA,  INC. 

ELECTRONICS  SYSTEMS  GRP-EASTERN  01 V 
77  A  STREET 
NEEDHAM,  MA  02194 

OICY  ATTN  OICK  STEINHOF 

HSS ,  INC. 

2  alfreo  circle 

BEDFORD,  HA  01733 

OICY  ATTN  OONALO  HANSEN 

ILLINOIS,  UNIVERSITY  OF 
107  COBLE  :LALL 
130  OAVENPORT  HOUSE 
CHAMPAIGN,  IL  61820 

(ALL  CORRES  ATTN  DAN  MCCLELLAND) 

OICY  ATTN  K.  YEll 

INSTITUTE  FOR  DEFENSE  .ANALYSES 
1801  NO.  BEAURECARD  STREET 
ALEXANDRIA ,  VA  22311 
OICY  ATTN  J.M.  ASIS 
OICY  ATTN  ERNEST  BAUER 
OICY  ATTN  HANS  WOLFARD 
OICY  ATTN  JOEL  3ENGST0N 

INTL  TEL  &  TELECRAPH  CORPORATION 
500  WASHINGTON  AVENUE 
SUTLEY,  NJ  07110 

OICY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

11011  TORREYANA  ROAD 
P.O.  BOX  85154 
SAN  DIEGO,  CA  92138 

OICY  ATTN  J.L.  SPERLING 


JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAO 
LAUREL,  HD  20810 

OICY  ATTN  OOCUMENT  LIBRARIAN 
OICY  ATTN  TliCMAS  POTEMRA 
OICY  ATTN  JOHN  OASSOULAS 

‘KAMAN  SCIENCES  CORP 
P.O.  BOX  7463 

COLORADO  SPRINGS,  CO  80933 
OICY  ATTN  T.  MEAGHER 

KAMAN  TEMPO-CENTER  FOR  ADVANCED  STUOIES 
S16  STATE  STREET  (P.O  DRAWER  QQ) 

SANTA  3ARBARA ,  CA  93102 
OICY  ATTN  DASIAC 
OICY  ATTN  WARREN  S.  KNAPP 
OICY  ATTN  WILLIAM  MCNAMARA 
OICY  ATTN  B.  GAMBILL 

LINKABIT  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 
OICY  ATTN  IRWIN  JACOBS 

LOCKHEED  MISSILES  &  SPACE  CO.,  INC 
P.O.  BOX  504 
SUNNYVALE,  CA  94088 
OICY  ATTN  DEPT  60-12 
OICY  ATTN  D.R.  CHURCHILL 

LOCKHEEO  MISSILES  6  SPACE  CO.,  INC. 

3251  HANOVER  STREET 
PALO  ALTO,  CA  94304 

OICY  ATTN  MARTIN  WALT  DEPT  52-12 
OICY  ATTN  V.L.  IM110F  DEPT  52-12 
OICY  ATTN  RICHARD  G.  JOHNSON  OEPT  52-12 
OICY  ATTN  J.B.  CLADIS  OEPT  52-12 

MARTIN  MARIETTA  CORP 
ORLANDO  01  MS  ION 
P.O.  BOX  5837 
ORLANDO,  FL  32805 

OICY  ATTN  R.  HEFFNER 


M.I.T.  LINCOLN  LABORATORY 
P.O.  BOX  73 
LEXINGTON,  MA  02173 

OICY  ATTN  DAVID  M.  TOWLE 
OICY  ATTN  L.  LOUCHLIN 
OLCY  ATTN  0.  CLARK 


MCDONNELL  DOUCLAS  CORPORATION 
5301  BOLSA  AVENUE 
HUNTINGTON  BEACH,  CA  92647 


01CY 

ATTN 

N.  HARRIS 

01CY 

ATTN 

J.  KOULE 

01CY 

ATTN 

CEORCE  MROZ 

01CY 

ATTN 

W.  OLSON 

01CY 

ATTN 

R.W.  HALPRIN 

01CY 

ATTN 

TECHNICAL  LIBRARY  SERVICES 

MISSION  RESEARCH  CORPORATION 

735  STATE  STREET 

SANTA  BARBARA,  CA  93101 


01  CY 

ATTN 

P.  FISCHER 

01CY 

ATTN 

W.F.  CREVIER 

01CY 

ATTN 

STEVEN  L.  CUTSCHE 

0  ICY 

ATTN 

R.  SOCCSCK 

01CY 

ATTN 

R.  HENDRICK 

01CY 

ATTN 

RALPH  KILB 

01CY 

ATTN 

DAVE  SOWLE 

01CY 

ATTN 

F.  FAJEN 

01CY 

ATTN 

M.  SCHEIBE 

01CY 

ATTN 

Conrad  l.  longmire 

01CY 

ATTN 

B.  WHITE 

MISSION 

RESEARCH  CORPORATION 

1720  RANDOLPH  ROAD,  SE 
ALBUQUERQUE,  NM  87106 

01CY  ATTN  R.  STELLINCWERF 
01  CY  ATTN  M.  ALME 
01CY  ATTN  L.  WIGHT 

MITRE  CORPORATION,  THE 
P.O.  BOX  208 

BEDFORD,  MA  01730 
0  ICY  ATTN  JOHN  MORGANS  TERN 
0 ICY  ATTN  G.  HARDING 
01CY  ATTN  C.E.  CALLAHAN 

MITRE  CORPORATION 
WESTGATE  RESEARCH  PARK 
1820  DOLLY  MADISON  BLVD. 
MCLEAN,  VA  22101 
01CY  ATTN  W.  HALL 
01CY  ATTN  U.  FOSTER 


PENNSYLVANIA  STATE  UNIVERSITY 
IONOSPHERE  RESEAR Q1  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  16802 
(NO  CLASS.  TO  THIS  ADDRESS) 

01CY  ATTN  IONOSPHERIC  RESEARCH  LAB 

PHOTOMETRICS,  INC. 

*  ARROW  DRIVE 
WOBURN,  MA  01801 

01  CY  ATTN  IRVING  L.  KOFSKT 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  3027 
BELLEVUE,  WA  98009 

01CY  ATTN  E.J.  FREMODW 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  10367 
OAKLAND,  CA  94610 

01CY  ATTN  A.  THOMSON 

R&D  ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  RET,  CA  90291 
01CY  ATTN  FORREST  CILMORE 
01  CY  ATTN  WILLIAM  B.  WRIGHT,  JR. 
01CY  ATTN  ROBERT  F.  LELEVIER 
01CY  ATTN  WILLIAM  J.  KARZAS 
01  CY  ATTN  H.  ORY 
01CY  ATTN  C.  MACDONALD 
01  CY  ATTN  R.  TURCO 
01  CY  ATTN  L.  DeRADD 

RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 
01CY  ATTN  CULLEN  CRAIN 
01CY  ATTN  ED  BEDRCZIAN 

RAYTHEON  COMPANY 
528  BOSTON  POST  ROAD 
SUDBURY,  MA  01776 

01CY  ATTN  BARBARA  AD, VMS 


PACIFIC-SIERRA  RESEARCH  CORP. 
12340  SANTA  MONICA  BLVD. 

LOS  ANGELES,  CA  90025 

01CY  ATTN  E.C.  FIELD,  JR. 


SCIENCE  APPLICATIONS,  INC. 
P.O.  2QX  2351 
LA  JOLLA,  CA  92033 

0 ICY  ATTN  LEWIS  M.  LIXSON 
OICY  ATTN  DANIEL  A.  HAMLIN 
OICY  ATTN  E.  FRIEMAM 
OICY  ATTN  E.A.  STRAXER 
OICY  ATTN  CURTIS  A.  SMITH 
OICY  ATTN  JACK  MCDOUCALL 

SCIENCE  APPLICATIONS,  INC 
1710  CO0DR1DCE  DR. 

MCLEAN,  VA  22102 
ATTN:  J.  COCKAYNE 

SRI  INTERNATIONAL 
333  RAVENS WOOD  AVENUE 
MENLO  PARK,  CA  94025 


OICY 

ATTN 

DONALD  NEILSON 

OICY 

ATTN 

ALAN  BURNS 

OICY 

ATTN 

C.  SMITH 

OICY 

ATTN 

R.  TSUNODA 

OICY 

ATTN 

DAVID  A.  JOHNSON 

OICY 

ATTN 

WALTER  C.  CHEStCJT 

OICY 

ATTN 

CHARLES  L.  RINO 

OICY 

ATTN 

WALTER  JAYE 

OICY 

ATTN 

J.  VICKREY 

OICY 

ATTN 

RAY  L.  LEADA3RAND 

OICY 

ATTN 

C.  CARPENTER 

OICY 

ATTN 

C.  PRICE 

OICY 

ATTN 

R.  LIVINGSTON 

OICY 

ATTN 

V.  GONZALES 

OICY 

ATTN 

D.  MCDANIEL 

TECHNOLOGY  INTERNATIONAL  CORP 
75  WICOINS  AVENUE 
BEDFORD,  MA  01730 

OICY  ATTN  W.P.  BOQUIST 

TOYON  RESEARCH  CO. 

P.O.  Box  6890 
SANTA  BARBARA,  CA  93111 
OICY  ATTN  JOHN  ISE,  JR. 
OICY  ATT:,’  JOEL  CAR3ARIN0 


TRW  DEFENSE  &  SPACE  SYS  GROUP 
ONE  SPACE  PARK 
REDONDO  BEACH,  CA  90278 
OICY  ATTN  R.  K.  PLE3UCH 
OICY  ATTN  S.  ALTSCHULER 
OICY  ATTN  D.  DEE 
OICY  ATTN  D/  STOCKHELL 
SNTP/ 157 5 

VISIDYSE 

SOUTH  BEDFORD  STREET 
BURLINGTON,  MASS  01803 
OICY  ATTN  W.  REIDY 
OICY  ATTN  J.  CARPENTER 
OICY  ATTN  C.  HUMPHREY 
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L 


